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© Method of pull-testing wire bonds on a micro-miniature solid-state device. 



© In pull-testing a wire bond (7) on a micro-min- 
iature solid-state device, ar> upward pulling force is 
applied to the wire loop (8) of the bond by a motor- 
driven loading arm (1) through a hook (4) which is 
connected to the free end of a deflexible cantilever 
beam (6) in the arm. A strain gauge is provided on 
i^the beam to measure its deflection and thus the 
^applied pulling force and supply a signal corre- 
sponding to this measured force. When copper wire 
^!is used for the wire bond the springiness of the wire 
lO renders the length and therefore the height of the 
^wire loop unpredictable, and to provide a correction 
tpfor variation in the loop height a displacement trans- 
it ducer (14) is arranged to measure the total distance 
q moved by the loading arm (1) from the starting 
position (Figure 2) until the bond breaks (Rgure 4), 
ftjand supply a corresponding signal which is fed with 
141 the signal from the strain gauge into a computer 
(15). The computer subtracts from this distance the 



deflection of the beam (6) in the loading arm to give 
a measurement of the distance moved by the arm to 
tauten the wire loop (Rgure 3) and therefore a mea- 
surement of the height of the tautened loop, and the 
computer corrects the measured pulling force for 
variation in this loop height from a given value. 
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METHOD OF PULL-TESTING WIRE BONDS ON A MICRO-MINIATURE SOUD-STATE DEVICE 



The invention relates to a method of pull-test- 
ing wire bonds on a micro-miniature solid-state 
device, for example, an integrated circuit or a hy- 
brid circuit Such bonds consist of an electrically 
conductive wire which extends between and is bon- 
ded at its ends to two bonding pads on the solid- 
state device, the wire forming a loop between the 
pads, which may be, for example, two dies or a. 
terminal and a die. The term "wire bond" is to be 
understood herein to include the entire intercon- 
nection between the pads comprising the wire and 
the bonds at the ends of the wire. These bonds are 
formed in known manner, for example, by ultra- 
sonic welding. 

There is a standard method of pull-testing a 
wire bond in which a pulling force is applied to the 
wire loop at a point intermediate the ends of the 
loop in a direction away from the plane containing 
the bonds until the wire bond breaks, usually by 
failure of one of the bonds, or is stressed to a 
predetermined value. The force is applied by 
means of a device which moves first to tauten the 
wire loop and then to apply the pulling force to the 
loop, and which comprises means such as a force 
transducer for measuring the applied force and 
supplying a signal corresponding to the measured 
force. 

This method is discussed in an article by G. G. 
Harman and C: A. Cannrin published m the^EEJE 
Transactions on Components, Hybrids, and Manu- 
facturing Technology, Vol. CHMT-t, No. 3, Sep- 
tember 1978. In the article the authors consider, 
inter alia, the geometric variables of the pull test, 
one of which is the height of the loop. This is 
influenced by the point between the ends of the 
loop at which the pulling force is applied; it is also 
influenced by the length of the loop, that is to say, 
the length of the wire forming the loop. In the case 
of gold wire, which has hitherto been commonly 
used in wire bonds, the length of the loop varies 
very little from one wire bond to another in a series 
of identical wire bonds. This is due largely to the 
malleability of gold and the consequent predic- 
tability of the behaviour of the wire as the wire is 
laid to form the toop between the bonding pads. 
For reasons of economy there is a growing trend to 
use copper wire instead of wire of a noble metal, 
and the springiness of copper wire does tend to 
produce variations in the length of the wire loop, 
which will result in variations in the loop height in a 
series of pull tests. 

it is an object of the invention to provide an 
improved method of pull-testing wire bonds in 
which variations in loop height due to variations in 
the length of the loop are taken into account. 



According to the invention there is provided a 
method of pull-testing a wire bond on a micro- 
miniature solid-state device, in which a pulling 
force is applied to the wire loop at a point inter- 
5 mediate the ends of the loop in a direction away 
from the plane containing the -bonds at the ends of 
the loop until the wire bond breaks or is stressed to 
a predetermined value, the force being applied by 
means of a device which moves first to tauten the 

io wire loop and then to apply the pulling force to the 
loop, and which comprises means for Pleasuring 
the applied force and supplying a signal corre- 
sponding to the measured force, characterised in 
that the movement of the force-applying device is 

75 measured by means which supply a signal which 
corresponds to or from which can be derived the 
distance through which the force-applying device 
moves to tauten the wire loop, and therefore the 
height of the tautened loop, and this signal and the 

20 signal corresponding to the measured force are fed 
to a calculating device in which the measured force 
is corrected for variation in the height of the tauten- 
ed loop from a given value. 

Preferably, the total distance through which the 

25 force-applying device moves first to tauten the wire 
loop and then to apply a pulling force to the loop 
until the wire bond is stressed to the predeter- 
mined value or breaks is measured and the height 
of the tautened loop is derived from this measure- 

30 ment by subtracting from it in the calculating de- 
vice the distance through which the force-applying 
device moves after tautening the loop until the wire 
bond is stressed to said predetermined value or 
breaks. 

35 The invention also provides an apparatus for 
carrying out the method, the apparatus comprising 
a device which is movable first to tauten the wire 
loop and then to apply a pulling force to the loop, 
and means for measuring the applied force and 

40 supplying a signal corresponding to the measured 
force, characterised by means for measuring the 
movement of the force-applying device and sup- 
plying a signal which corresponds to or from which 
can be derived the distance through which the 

45 force-applying device moves to tauten the wire 
loop, and a calculating device into which the two 
signals can be fed and which is programmed to 
correct said measured force for variation in the 
distance through which the force-applying device 

so moves to tauten the loop. 

A preferred embodiment of the apparatus ac- 
cording to the invention is characterised in that the 
means for measuring the applied force comprise a 
force transducer and the means for measuring the 
movement of the force-applying device comprise a 



displacement transducer which is arranged to mea- 
sure, and to supply a signal corresponding to, the 
total distance through which the force-applying de- 
vice moves first to tauten the wire loop and then to 
apply a pulling force to the loop until the wire bond 
is stressed to the predetermined value or breaks, 
the signals from the two transducers being fed to 
the calculating device and the latter being pro- 
grammed to subtract from said total distance the 
distance through which the force-applying device 
moves after tautening the loop until the wire bond 
is stressed to said predetermined value or breaks. 

An embodiment of the apparatus according to 
the invention in which the force-applying device 
comprises a member movable by means of a mo- 
tor and a hook which is engageable with the wire 
loop in the operation of the apparatus and which is 
connected to said member via the force trans- 
ducer for movement with said member first to 
engage and tauten the loop and then to apply the 
pulling force thereto, the force transducer compris- 
ing an element which is connected to said member 
for movement therewith and which is defiexible 
under load for movement relative to said member, 
and a strain gauge for measuring the deflection of 
said element and supplying to the calculating de- 
vice a signal corresponding to the measured de- 
flection, the hook being connected to the defiexible 
part of the element, is characterised in that the 
displacement transducer is arranged to measure, 
and to supply to the calculating device a signal 
corresponding to, the total distance through which 
said member moves to tauten the wire loop and 
apply the pulling force thereto, and the calculating 
device is programmed to substract from this mea- 
surement the deflection of said defiexible element. 

An example of the method according to the 
invention, and an embodiment of the apparatus 
according to the invention for carrying out the 
method, will now be described with reference to 
the accompanying drawings, in which: 

Figure 1 is a diagram illustrating the applica- 
tion of a pulling force to the wire loop in a wire- 
bond pull test, showing the. geometric variables of 
the test, with formulae for the resolution of the 
forces in the wire, 

Figure 2 is a schematic perspective view of 
an apparatus according to the invention at the 
beginning of the test in the method according to 
the invention, 

Figure 3 is a view similar to Figure 2 show- 
ing the force-applying device at the end of its initial 
movement to tauten the loop of the wire bond, and 
Figure 4 is a view similar to Figures 2 and 3 
showing the force-applying device at the point at 
which one of the bonds at the ends of the wire has 
parted. 



The diagram in Figure 1 shows a wire bond 
consisting of a wire W connected at its ends by 
bonds Bt and Bd to bonding pads formed by a 
terminal T and a die D, respectively, on a substrate 
5 S. The wire forms a loop L between the bonding 
pads. In the pull test a pulling force F is applied to 
the loop at a point P intermediate the ends of the 
loop. 

In the arrangement shown the bonds Bt and Bd 

10 are at different levels separated by a vertical dis- 
tance H; in the horizontal direction the bonds are 
separated by a distance d. The vertical distance 
between the higher bond Bt and the point of ap- 
plication P of the pulling force F is represented by 

15 h, and the corresponding horizontal distance by c 
d. The pulling force F acts in a direction which is 
inclined to the vertical by an angle 0, and the 
position of the point P between the ends of the 
wire W is such that angles x and ^ are formed 

20 between the wire W and the horizontal at the bonds 
Bt and Bd respectively. The forces Fwt and Fwd in 
the wire at the bonds Bt and Bd respectively are 
given by equations (1) and (2) in Figure 1. 

If the bonds are at the same level (H = 0) and 

25 the pulling force is applied at the centre of the loop 
(c = 1/2) and in a truly vertical direction (0 = 0), 
equations (1) and (2) reduce to: 
Fwt * Fwd * F/2 [1 + (d/2h) 2 ] 1 /2 
The apparatus shown in Figures 2, 3 and 4 

30 comprises a substantially horizontal loading arm i 
which is pivotally supported at one end 2 for move- 
ment in upward and downward directions by means 
of a motorised drive (not shown). A rod 3 depends 
vertically from the other, free end of the loading 

35 arm, and at its lower end the rod carries a hook 4. 
The hook is connected to the rod by an adjustable 
coupling 5 which permits adjustment of the hook 
relative to the rod in the axial direction of the rod. 
At its upper end the rod 3 is connected to the free 

40 end of a defiexible cantilever beam 6 inside the 
arm 1. A strain gauge (not shown) is provided on 
the beam to measure its deflection, the beam and 
the gauge together forming a known type of force 
transducer. The apparatus thus far described is 

45 known and operates in the following manner. A wire 
bond 7 is to be tested. The wire bond consists of a 
wire 8 bonded at its ends to die pads 9 and 10 on 
a substrate 11 by a ball bond 12 and a wedge 
bond 13 respectively. With the loading arm 1 in the 

so lowered position shown in Figure 2, the substrate is 
positioned so that the hook 4 lies directly below the 
centre of the wire loop of the wire bond 7. The arm 
1 is then raised to bring the hook into engagement 
with the wire loop and then to tauten the loop, as 

55 shown in Figure 3. Further upward movement of 
the loading arm 1 stresses the wire bond, with a 
corresponding deflection of the beam 6 in the arm, 
until a predetermined stress value is reached or the 



wire bond breaks either by parting of the wire or, 
as shown in Figure 4, by failure of the weaker of 
the two bonds 12 and 13, which will usually be the 
wedge bond. Since the foad/defiection characteris- 
tic of the beam 6 is known, a measurement of the 5 
pulling force applied to the wire loop by the arm 1 
is obtained from the strain gauge which measures 
the deflection of the beam. 

The force applied to the bonds 12 and 13 will 
vary with the length of the wire loop, since the 10 
length of the loop is a factor determining the height 
of the loop and, as explained above, the loop 
height, by which is meant the height of the tauten- 
ed loop, is an element of the formula which gives 
the force in the wire at the bonds. As already 15 
mentioned, with wire bonds in which copper wire is 
used the length, and therefore the height of the 
wire loop is unpredictable and can vary consider- 
ably in a series of puir tests. To provide a correc- 
tion for this variation, in the embodiment of the 20 
invention shown in Rgures 2, 3 and 4 the height of 
the tautened loop Is ascertained by measuring the 
upward movement of the loading arm 1 during 
each test with a displacement transducer 14 and 
feeding a signal from this transducer and a signal 2s 
from the force transducer formed by the beam 6 
and the associated strain gauge to a calculating 
device 15, which in the present embodiment con- 
sists of a computer. In this computer the measured 
force applied to the wire loop by the loading arm 1 30 
is corrected for variation in the loop height from a 
given value to obtain a corrected measurement of 
the force actually applied to the bonds 12 and 13. 
The displacement transducer measures the total 
distance through which the arm 1 moves from the 35 
starting position (Figure 2) to the moment at which 
the wire bond breaks (Figure 4) and from this 
measurement is subtracted in the computer 15 the 
deflection of the beam 6 to give the required mea- 
surement of the height of the tautened loop. This 40 
height is measured from a selected reference plane 
which is determined by the position of the hook 4 
at the start of each test and which can be varied by 
adjusting the position to which the loading arm is 
lowered for the start of the test or by adjusting the <5 
hook relative to the rod 3 by means of the coupling 
5, The reference plane may be the plane contain- 
ing the bonds 12 and 13, which in the example 
shown are at the same level. More conveniently, as 
shown in Figure 2, the upper surface of the sub- 50 
strate 11 is utilised as the reference plane, since 
then after each test the loading arm 1 can simply 
be lowered until the hook 4 abuts the substrate 11 
to determine the starting position of the arm for the 
next test The computer can be programmed to 55 
make allowance in the measurement of the loop 
height for the cross-sectional diameter of the wire 
of which the hook 4 is made. 



The displacement transducer 14 may be of any 
convenient known form. In the embodiment shown 
it consists of a linear variable differential trans- 
former comprising a stationary coil (not shown) 
arranged within a protective magnetic shield in a 
fixed, vertically disposed sleeve 17 and comprising 
a primary winding between two secondary windings 
which are wired in series opposition. The armature 
(not shown) of the transformer is carried on a 
vertically arranged rod 16 which is connected at its 
lower end to the loading arm 1 at or near the free 
end thereof for movement up and down with the 
arm. The armature moves within the hollow core of 
the coil and, when the primary winding is ener- 
gised, induces a voltage from the primary to the 
secondary windings. The position of the armature 
within the coil determines the level of the voltage at 
each secondary winding and hence an output volt- 
age that is proportional to the displacement of the 
armature from null, i.e., the midway position. 

Instead of measuring the total upward move- 
ment of the loading arm 1 with a displacement 
transducer and deriving the height of the tautened 
loop from this measurement by subtracting that 
part of the movement of the arm in which the wire 
bond is stressed by the arm, the height of the loop 
can be obtained by measuring the distance through 
which the hook 4 moves from the starting position • 
(Figure 2) to tauten the loop (Figure 3) with a non- 
contacting sensor, for example, an optical trans- 
ducer, which supplies to the computer 15 a signal 
corresponding to this movementof the hook. 

Although particular reference has been made 
to the pull-testing of wire bonds made of copper 
wire, the invention can be used to advantage in the 
testing of wire bonds made of other wire material. 



Claims 

1. A method of pull-testing a wire bond on a 
micro-miniature solid-state device, in which a pull- 
ing force is applied to the wire loop at a point 
intermediate the ends of the loop in a direction 
away from the plane containing the bonds at the 
ends of the loop until the wire bond breaks or is 
stressed to a predetermined value, the force being 
applied by means of a device which moves first to 
tauten the wire loop and then to apply the pulling 
force to the loop, and which comprises means for 
measuring the applied force and supplying a signal 
corresponding to the measured force, characterised 
in that the movement of the force-applying device 
is measured by means which supply a signal which 
corresponds to or from which can be derived the 
distance through which the force-applying device 
moves to tauten the wire loop, and therefore the 
height of the tautened loop, and this signal and the 



4 



signal corresponding to the measured force are fed 
to a calculating device in which the measured force 
is corrected for variation in the height of the tauten- 
ed loop from a given value. 

2. A method as claimed in Claim 1, charac- 5 
terised in that the total distance through which the 
force-applying device moves first to tauten the wire 
loop and then to apply a pulling force to the loop 
until the wire bond is stressed to the predeter- 
mined value or breaks is measured and the height 10 
of the tautened loop is derived from this measure- 
ment by subtracting from it in the calculating de- 
vice the distance through which the force-applying 
device moves after tautening the loop until .the wire 
bond is stressed to said predetermined value or 75 
breaks. 

3. A method of pull-testing a wire bond on a 
micro-miniature solid-state device, substantially as 
herein described with reference to Figures 2, 3 and 

4 of the accompanying drawings. 20 

4. An apparatus for carrying out the method 
claimed in Claim 1, comprising a device which is 
movable first to tauten the wire loop and then to 
apply a pulling force to the loop, and means for 
measuring the applied force and supplying a signal 25 
corresponding to the measured force, characterised 

by means for measuring the movement of the 
force-applying device and supplying a signal which 
corresponds to or from which can be derived the 
distance through which the force-applying device 30 
moves to tauten the wire loop, and a calculating 
device into which the. two signals can be fed and 
which is programmed to correct said measured 
force for variation in the distance through which the 
force-applying device moves to tauten the loop. 35 

5. An apparatus as claimed in Claim 4 for 
carrying out the method claimed in Claim 2, 
characterised in that the means for meausuring the 
applied force comprise a force transducer and the 
means for measuring the movement of the force- ao 
applying device comprise a displacement trans- 
ducer which is arranged to measure, and to supply 

a signal corresponding to. the total distance 
through which the force-applying device moves 
first to tauten the wire loop and then to apply a 45 
pulling force to the loop until the wire bond is 
stressed to the predetermined value or breaks, the 
signals from the two transducers being fed to the 
calculating device and the latter being programmed 
to subtract from said total distance the distance so 
through which the force-applying device moves 
after tautening the loop until the wire bond is 
stressed to said predetermined value or breaks. 

6. An apparatus as claimed in Claim 5, in 
which the force-applying device comprises a mem- 55 
ber movable by means of a motor and a hook 
which is engageable with the wire loop in the 
operation of the apparatus and which is connected 



to said member vja the force transducer for move- 
ment with said member first to engage and tauten 
the loop and then to apply the pulling force thereto, 
the force transducer comprising an element which 
is connected to said member for movement there- 
with and which is deflexible under load for move- 
ment relative to said member, and a strain gauge 
for measuring the deflection of said element and 
supplying to the calculating device a signal cor- 
responding to the measured deflection, the hook 
being connected to the deflexible part of the ele- 
ment, characterised in that the displacement trans- 
ducer is arranged to measure, and to supply to the 
calculating device a signal corresponding to, the 
total distance through which said member moves 
to tauten the wire loop and apply the pulling force 
thereto, and the calculating device is programmed 
to substract from this measurement the deflection 
of said deflexible element 



5 




Fwd=F 



(1-c) 2 d 2 
(H + h)2 



11/2 



(h+H) 



h + cH 



c cos0-4sin 0! 



(2) 



\4 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 87 20 1643 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant CI. 4) 



A,D 



IEEE TRANSACTIONS ON COMPONENTS, 
HYBRIDS, AND MANUFACTURING TECHNOLOGY, 
vol. CHMT-1, no. 3, September 1978, 
pages 203-210, New York, US; G.G. 
HARMAN et al.: "The microelectronic 
wire bond pull test - How to use it, 
how to abuse it" 

* whole document * 

IEEE TRANSACTIONS ON COMPONENTS, 
HYBRIDS AND MANUFACTURING T ECHN0L0GY, 
vol. CHMT-6, no. 4, December 1983, 
pages 503-509, New York, US; R.J. 
BLAZEK "Development of nondestructive 
pull-test requirements for gold wires 
on multilayer thick-film hybrid 
microcircuits" 

* whole document * 

US-A-4 453 414 (J.R. RONEMUS et al.) 

* column 3, line 57 - column 10, line 7 



US-A-3 564 911 (SLEMMONS et al.) 
* whole document * 



1,4 



1,4 



G 01 N 19/04 



US-A-3 945 248 (WEST) 



The present search report has been drawn up for all claims 



Place of search 

BERLIN 



Dale of ampletk* of the sevd. 

23-11-1987 



1,+ 



1.4 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone ' 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



TECHNICAL FIELDS 
SEARCHED (Int. CL4) 



G 01 N 
6 01 N 



19/00 
3/00 



Exariaer 

VINS0ME R M 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& ; member of the same patent family, corresponding 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



CJREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ADED TEXT OR DRAWING 




\ 



this PAGE BLANK (uspto) 



